Several reports have shown an association between lameness in cattle and vaccination with Brucella abortus strain 19. Affected joints are culture negative for Brucella, but the synovial fluid is positive for B. abortus antibodies. The joints contain cloudy fluid, with villous proliferation of the synovium. Brucella abortus antigens are often found in the synovium with fluorescent antibody staining. This report describes the experimental reproduction of a chronic synovitis in 6 young Angus steers using intra-articular injections of B. abortus strain 19. The carpal and tibia1 joints were injected with 5 x 10 9 colony-forming units/ml of B. abortus strain 19 and regularly biopsied over a 28-day period. Steers started becoming serologically positive for B. abortus on postinoculation day (PID) 5 and were all positive by PID 7. Joints were cultured and examined by fluorescent antibody staining, immunohistochemical methods, and light and transmission electron microscopy. Lesions typical of the field cases were present by PID 21. Brucella abortus was cultured more often during PID l-5 (6 of 9 joints) than during PID 7-28 (3 of 15 joints). Brucella abortus was only found on PID 1, and 5 by fluorescent antibody staining and in only 2 joints immunohistochemically on PID 5 and 7. The reproduction of lesions typical of field cases but the inability to locate B. abortus antigens in the synovium raises the question of whether in field cases the synovium is continually or intermittently seeded with bacteria or if factors other than just the bacterium are needed to perpetuate the lesion.
During the 1970s an association between lameness in young cattle and a positive serologic test for Brucella abortus was described. 1 The only known exposure of many of these cattle to B. abortus was from B. abortus strain 19 vaccination 9-12 months previously. The condition has now been reported in England, the USA, and Australia. 1, 4, 12, 14, 15 The stifle joints are most commonly involved. Affected joints are culture negative for Brucella spp., but synovial fluid is positive for Brucella antibodies. Often, B. abortus antigens are detected in synovium by fluorescent antibody (FA) staining. 1, 4, 15 Gross lesions in affected joints consist of villus proliferation of the synovium with fibrosis and pitting erosions of the opposing cartilaginous surfaces. The synovial fluid is usually cloudy and turbid but not purulent. Microscopically, lymphoplasmacytic infiltrates and granulomata are present in the subsynoviurn.
In 1 of those reports, although Brucella spp. was not isolated from affected joints, B. abortus strain 19 was isolated from the supramammary lymph node of 1 animal. 14 Experimental attempts to reproduce the disease by injection of strain 19 organisms have not been On postinoculation days (PID) 1, 3, 5, 7, 10, 14, 21, and 28, biopsies pling, 1 joint from each of the 3 calves was selected so that successful. In another study, 5 joints were evaluated 28 months after intra-articular injection of B. abortus strain 19. Gross and microscopic lesions typical of the condition were not present, but Brucella antigens were seen with FA staining of the synovia. The intra-articular injection of immune complex taken from a field case of strain 19-associated lameness did cause microscopic synovial lesions typical of field cases. 5 The purpose of the study reported herein was to determine the pathogenesis and early lesions in bovine joints after intraarticular injection with B. abortus strain 19.
Materials and methods
Experimental design. The effects of B. abortus strain 19 in bovine joints were studied using 6 8-mo-old castrated male Angus calves from a Brucella-free herd. Each was negative for B. abortus antibodies. At the start of the experiment, rectal temperatures were taken and blood samples were drawn from the calves. Calves were sedated with 200 mg of xylazine a administered intramuscularly. The carpal and tarsal joints were clipped, shaved, and surgically prepared prior to being injected with 1 ml saline containing 5.0 x 10 9 colony-forming units (CFU)/ml of B. abortus strain 19. Calves were communally penned, fed, and observed daily. on 1 biopsy day, 2 forelimbs and 1 hind limb were sampled and on the following biopsy day, 2 hind limbs and 1 forelimb were sampled from 3 different calves. Joints were surgically prepared and locally anesthetized with procaine. Aspiration of synovial fluid was attempted but was not always successful. The joint was surgically incised, and the synovium distal to the incision was stroked with a sterile bacterial culture swab. A segment of synovium that had not been violated by the bacterial swab, was excised. The specimen was immediately sectioned into 3 unequal pieces. Samples were snap frozen in liquid nitrogen, placed in 10% neutral-buffered formalin, or thinly sectioned with a razor blade and placed in 2.5% glutaraldehyde. Incision sites were then sutured. Calves were euthanized with an overdose of barbiturate after their last joints were biopsied, and complete necropsies were performed.
The final biopsy on 1 calf (no. 106) was scheduled for PID 14 but was performed on PID 13 because the calf would no longer stand and consistently had a rectal temperature of 39.5 C. The biopsy procedure was followed by euthanasia.
Bacteriology. Brucella abortus strain 19 was grown on trypticase soy blood agar plates in 10% CO, at 37 C for 72 hr. Growth from each plate was harvested in 5 ml of sterile phosphate-buffered saline (PBS). Bacteria were quantitated by a modified plate count method as CFU per milliliter. 13 Samples for isolation of B. abortus were inoculated onto trypticase soy blood agar plates and incubated at 37 C in 10% CO, for 5 days. Isolates were identified by CO, requirement, growth in presence of dyes, urease and catalase production, and agglutination with B. abortus antiserum. 2 Electron microscopy. After fixation of synovial tissue in glutaraldehyde, l-mm sections were washed 3 times in cacodylate buffer, postfixed in 2% osmium tetroxide for 2 hr, dehydrated through a series of graded ethanols, and embedded in resin. Thick sections (1 µm) were cut, stained with toluidine blue, and examined with light microscopy. Appropriate areas were identified, trimmed, and thin sectioned. Thin sections were stained with uranyl acetate and lead citrate and examined with a Zeiss transmission electron microscope at 80 kV.
Brucella abortus antibody production. Hyperimmune sera were produced in guinea pigs with multiple injections of 100 mg of heat-killed B. abortus strain 19 in 0.1 ml of saline with 0.1 ml Freund's complete or incomplete adjuvant. Using an enzyme-linked immunosorbent assay, 1.23 ng of Brucellaspecific antibodies were detected per milliliter of serum. 3 For FA studies, immunoglobulin was precipitated using saturated ammonium chloride and conjugated with fluorescein isothiocyanate (FITC) as previously described. 11 Light microscopy. Synovial biopsies were fixed in 10% neutral buffered formalin, processed in the usual manner, embedded in paraffin, sectioned at 5 µm, and stained with hematoxylin and eosin (HE) for light microscopic examination.
Immunohistochemistry. Paraffin-embedded specimens of all synovial tissues processed for histopathology were also sectioned and stained immunohistochemically by the avidin-biotin-peroxidase complex (ABC) method. 7 Guinea pig anti-B. abortus antibody was used at a 1:10 dilution. A commercial ABC kit and procedure b were used to locate the pri-mary antibody. Aminoethylcarbazole was used as the chromogen signal after a 30-min incubation. The sections were lightly counterstained with hematoxylin, and coverslips were applied with aqueous mounting medium. Bovine fetal lung from an experimental abortion induced by B. abortus and found to be culture positive was used as a positive control. 3 A section of synovium from the knee of a 7-mo-old B. abortus antibody-negative and culture-negative steer dying of ruminal acidosis was used as a negative control.
Fluorescent antibody technique. A direct FA test was done on the snap frozen synovial biopsies. Two hours after snap freezing, the specimens were placed on sectioning chucks using ornithine carbamyltransferase medium c and stored at -60 C. Multiple frozen sections of each biopsy were cut and stored at -20 C. Prior to staining, sections were fixed for 2 min in acetone. A 1:25 dilution of the FITC-conjugated anti-B. abortus antibody in PBS was used with rhodamine as a counterstain. A second section of the same tissue was first blocked using unconjugated anti-B. abortus antibody, incubated, and washed and then treated with the FITC-conjugated anti-B. abortus antibody, The tissues were incubated with the conjugate for 45 min in a humidified chamber at 37 C then washed 3 times in PBS. The slides were dried, cover slips were applied using aqueous mounting medium, and the slides were examined.
Results
Within 36 hours, 4 of the 6 calves were reluctant to walk, and the other 2 exhibited little soreness or lameness. Joint swelling of the carpal and tarsal joints was not seen for the first 4 days after inoculation. Subsequently, minimal swelling was seen in several carpal joints and in none of the tarsal joints. It was often extremely difficult to obtain an aspirate of the joint at biopsy, especially the tarsal joint. When samples were amination of fluid was limited to inconsistent visual examination. Between PID 1 and 5, joint fluid was successfully aspirated from only 3 of 15 joints, whereas between PID 7 and 28, fluid was aspirated from 14 of 15 joints. Fluid usually appeared turbid to bloody. On PID 5, 1 of the calves sampled had become serologitally positive to B. abortus. By PID 7, all calves tested were serologically positive for B. abortus.
Minimal febrile responses were seen in several calves (Table 1) . Throughout the experiment, B. abortus strain 19 was reisolated from 9 of 24 (37%) of the inoculated joints. Bacteria were not isolated after PID 14. Brucella abortus was cultured more often on PID l-5 (6 of 9 joints) than on PID 7-28 (3 of 15 joints). Numerous At necropsy, inoculated joints had thickened, shaggy synovium with variable quantities of fibrin within joints. Ileal and prescapular lymph nodes were moderately swollen. Most of the joints biopsied early in the * FA = fluorescent antibody; IHC = immunohistochemistry. adherent fibrin, cellular debris, and neutrophils. Numerous neutrophils were randomly scattered along the subintima of the synovial membrane. Vessels were prominent because of marked hypertrophy of endothelium ( Fig. 1) . Few mononuclear inflammatory cells were present. Synovial epithelium was usually only 1 or 2 cells thick. In PID 5 and 7 biopsies, the inflammatory reaction extended deeper into the synovium. Fibrin and cellular debris were still on the synovial surface, but fewer neutrophils were present. The neutrophils were still the predominate cell type in the subintima of the synovium but were often in aggregates. Numerous lymphocytes, plasma cells, and histiocytes were present around vessels in deeper tissues of the synovium and subsynovium. The endothelium was markedly hypertrophied. In PID 10 and 14 biopsies, the character of the inflammatory cell infiltrate was mostly lymphocytic and histiocytic. The synovium formed long villous projections, often containing dense lymphoid aggregates. These projections were often denuded. Occasionally, tags of fibrin were present along the surface. Neutrophils were rarely seen. Aggregates of histiocytes and lymphocytes were present around deeper synovial blood vessels. In PID 21 and 28 biopsies, the villous projections of the synovium were usually covered by simple epithelium with occasional segments of hyperplastic synovial epithelium (3 or 4 cells thick). Several large lymphoid nodules were present along the base of the villous projections (Fig. 2) . Numerous plasma cells and histiocytes surrounded the nodules. Scattered aggregates of lymphocytes were present around underlying blood vessels. In 2 sections, small tags of fibrin were still present along the surface.
Immunohistochemical and fluorescent antibody evaluation. Positive FA staining was seen in biopsies from 2 calves on PID 1 and from 1 calf on PID 5. The fluorescence was particulate, multifocal, and just be-neath the synovial epithelial surface. The fluorescence outlined distinct short rod-shaped structures, mostly extracellular, that were the approximate size of bacteria. The fluorescence in the synovium was less granular and more intense than in the fetal lung used as a positive control tissue.
Immunohistochemical examination revealed B. abortus antigens in only 2 biopsies. One reaction was from a calf on PID 5 in which 2 small foci of intracytoplasmic granular reaction were seen along the synovial surface. The second positive reaction was from a calf on PID 7 in which single focus of intracellular reaction in the subintima was found near an area of necrosis and neutrophilic infiltrate. The signal was distinct but was not as bright as in the first calf on PID 5. Minimal endogenous peroxidase background staining of experimental synovium or normal control synovium was present. The B. abortus-infected fetal lung used as a positive control tissue had numerous granular foci of reactivity, both extracellularly and intracellularly, within mononuclear cells in airways.
Electron microscopy. Sections of synovium exam-
ined the first week after injection had abundant fibrin on the surface and a discontinuous synovial lining. Remaining synovial cells appeared spindle shaped and flattened with a granular, slightly electron-lucent cytoplasm (Fig. 3) . Neutrophils were present on and immediately beneath the synovial surface. The synovial connective tissue was loosely arranged. Round debris reminiscent of dead bacteria were present in the joint fluid but not intracellular or in the parenchyma. By PID 7, fibrin on joint surfaces was coagulated, organized, and often interspersed with erythrocytes and necrotic cell debris. By PID 10, the synovial cells lining the membrane were still discontinuous, and processes of contiguous cells formed loose junctions on the surface. Some remaining synovial cells were vacuolated, but most were more plump and osmophilic with increased rough endoplasmic reticulum as compared with those seen in earlier samples. Necrotic cell debris was evident throughout the markedly edematous synovial parenchyma. Fibroblasts were prominent in perivascular locations, and collagen was increased throughout the synovial matrix.
Discussion
In the present study, intra-articular injection of B. abortus strain 19 produced chronic synovitis. This lesion was similar to that described in field cases of arthritis in cattle that were serologically positive for B. abortus and whose only association with B. abortus was strain 19 vaccination. 1, 4, 12, 14 In those reported field cases of strain 19-associated arthritis, bacteria were not isolated from affected joints.
The present study provided an opportunity to study the action of B. abortus in the joints of cattle. Brucella abortus is present in the synovial fluid either briefly, usually less than 7 days, or in concentrations below the level of detection by cultural and conventional antigen detection methods. We did not isolate any B. abortus from injected joints after PID 14, and only small numbers of B. abortus were isolated after PID 5.
How B. abortus are removed from the joint was not determined. Electron microscopic examination showed exposed segments of synovium and a very loose synovial matrix, which would allow ready access of bacteria from the joint space to the deeper synovial tissue, subsynovium, and lymphatics. Despite the lack of a continuous synovial epithelial barrier, we were unable to find the B. abortus with fluorescent antibody or immunohistochemical reactions in deeper synovial tissues. The Brucella antigens found were superficial and were only found during the first 5 days after injection. Other researchers have been unsuccessful finding B. abortus in tissues by immunohistochemical examination when the concentration of the organism was < 1.0 x 10 6 CFU/g of tissue. 10 Because the synovial epithelial lining is not continuous, 6 bacteria could be readily diluted by an influx of synovial fluid, absorbed into the synovial tissue, and removed by lymphatics to regional lymph nodes. Obviously, intra-articular B. abortus gain access to the immune system rapidly be-cause anti-B. abortus antibodies were detected in these calves between PID 5 and 7.
Ultrastructurally, only round debris suggestive of dead bacteria were in fibrin tags along the synovial surface. Using immu demonstrated in the n i ologic staining, organi mmediate subintimal sms were area just below the surface and only once each on the surface and near a focus of necrosis in the stroma. The findings are different in field cases, where most of the affected joints examined by FA staining were positive for numerous apparently whole or degraded bacterial structures in the mesenchymal stroma and endothelium. 1, 4, 15 The direct injection of a joint does set up a different situation than that of the field cases, where bacteria probably enter the joint via a hematogenous route. In field cases, B. abortus strain 19 is most likely entering the joint through loose junctions between capillary endothelium and migrating into the synovial matrix. The numbers of blood-borne organisms entering the synovium should be fewer than the numbers injected experimentally into the synovial space; therefore, factors other than the presence of the bacteria may be needed to perpetuate the field condition.
When joints were experimentally injected with B. abortus strain 19 and postmortem examination was done 28 months later, minimal inflammation was seen. 5 The present study terminated 28 days after inoculation, and the synovial changes were typical of field cases. It is unknown whether with time the joint lesions would have resolved. Some success with reproducing the field condition has been obtained by injecting isolated immune complexes from a field case into the joint of a calf. 5 However, that study was terminated at PID 14. That lesion may also have resolved with time.
Previous studies using FA staining revealed abundant bacterial antigens in affected joints from field cases. However, in the present study bacterial antigens could not be demonstrated by FA staining after the first 5 days postinoculation. The FA technique was probably not at fault because the FA test consistently found abundant B. abortus antigen in the infected fetal lung used as a positive control. Apparently, the concentration of organisms and B. abortus antigens fell rapidly in the synovium after inoculation, whereas B. abortus is much more persistent in fetal tissues. In addition, calves in the present study developed antibodies to B. abortus between PID 5 and 7. Those antibodies may have blocked the antigenic sites, reducing those available to be recognized by the guinea pig conjugate. The electron microscopy study indicates, however, that B. abortus was probably rapidly cleared from the joint because whole bacteria were seldom found within the joint. Virulent B. abortus are known to invade or be phagocytized and persist in various types of cells, including epithelium, trophoblasts, and macrophages. 9 However, B. abortus strain 19 usually does not persist intracellularly as well as do virulent strains. Also, B. abortus strain 19 may have been readily killed by the large influx of neutrophils seen in the present studies, a situation different from the pathogenesis of fetal infection caused by virulent B. abortus. Therefore, persistence of B. abortus strain 19 in the joint may be difficult to establish.
It would be very unlikely to ever isolate the B. abortus organism from the joint fluid of an animal with a field case of this syndrome. It is unclear whether in field cases the synovium is continually or intermittently seeded with strain 19 organisms or if a factor other than just the bacterium is needed to perpetuate the arthritic condition. The lymphoplasmacytic nodules present in proliferating synovial villi in B. abortus strain 19-associated field cases or experimentally infected joints in association with circulating anti-B. abortus antibodies could indicate an immune complex synovitis.
